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possible to make various tissues grow in culture media outside of the body, in the thermostat, as well as inside the body, in the latter case the body acting as a thermostat. Inasmuch as he noted that the epithelial and also connective tissue cells grew preferably in contact with solid structures as fibres of fibrin, and into solid gelatinous material rather than into fluids he attributed stereotropic sensitiveness to various tissue cells, and he consequently employed more or less solid culture media as agar and coagulated blood serum for his various experiments. At first he carried out experiments in vitro as well as experiments in which the animal body acted as an incubator. Lack of the necessary facilities made i t very soon necessary for him to limit himself to the latter kinds of experiments. ' To our knowledge in these our earlier experiments for the first time the attempt was recorded in the literature to grow tissues of higher animals under artificial conditions in environments that differ from those found in the body under natural conditions, to separate experimentally growing epithelial from connective tissue cells, and furthermore to study the influence of the addition of certain chemicals upon the growth of tissues.2 Thus among other facts i t was found that epithelial cells can grow in these gelatinous culture media even after addition of certain salts; that this growth can take place independently of connective tissue cells, that the epithelial cells may divide mitotically in the culture media, that they invade the coagulum through ameboid movements, that they have the power of phagocytosis, taking up into their body small particles of the culture medium? that the growth ceases after this period of activity, and we explained on the basis of our observations certain phenomena of cancer growth as due to active ameboid ingrowth of cancer cells into the deeper tissues: Later Harrison6 showed in most interesting experiments that it is possible to grow embryonic nervous tissue of the frog in a mixture of fibrin and serum of the frog lymph, and recently Burrows extended in Harrison's laboratory the use of fibrin and blood serum as a culture medium to the growth of various mammalian tissues. Other investigators especially Carrel and his collaborators have within the last nine months taken up these studies and grown tissues in fibrin as well as in agar. We also resumed recently our former experiments and here we wish to report briefly a few of our results as far as they concern the relative importance of stroma and parenchyma in the tissue growth in gelatinous culture media :
A. After transplantation in vitro as well as in vivo, the central parts of stroma and parenchyma become necrotic, only the peripheral parts remaining alive. The extent of this central necrosis varies in different organs; it is, for instance, greater in the case of the kidney than in the case of the testicle.
B. In regard to the relative importance of stroma and parenchyma in the growth of certain organs in coagula we notice certain differences in various organs. I . In the ovary of the guinea pig and rabbit either the whole piece becomes necrotic or in other cases the connective tissue and some follicles of the cortex remain entirely or partly alive. The epithelial covering of the ovary remained alive and even proliferated in a few cases. Mitoses in stroma or parenchyma cells or distinct ingrowth of connective tissue or epithelium into the coagulum were not observed. The greater part of the tissue became necrotic. e. In the case of the testicle of the rabbit the peripheral alveoli usually remain alive without however any new formation of spermatozoa taking place. An irregular development of some epithelial cells into multinucleated giant cells may occasionally be observed. An outgrowth of the parenchyma into the coagulum does not occur, while the connective tissue can grow very actively into the coagulum.
3. In the case of the kidney an outgrowth of connective tissue into the coagulum was a very frequent occurrence especially in cases in which in the periphery of the transplanted piece a part of the connective tissue capsule had remained adherent to the parenchyma. The tubular epithelium in the periphery of the transplanted piece usually remains alive. Growth in the parenchyma takes principally place within the area of the transplanted tissue, the regenerating cells of the tubules pushing the older cells into the lumen of the tubule and such desquamated necrotic cells glue together and form casts. Tubular epithelium can also grow between the transplanted piece of kindey and the coagulum and sometimes it penetrates into the coagulum forming occasionally canals in the latter. Mitoses are seen in the proliferating cells of parenchyma and stroma and such cells dividing mitotically may be seen lying directly in the coagulum. This description holds good for the ordinary manner of experimentation. Under certain conditions which we expect soon to describe in more detail it seems possible to increase very markedly the proliferating and infiltrating activity of the tubules.
4. In the case of the mammary carcinoma of the mouse the growth of the parencyhma is very much more prominent than in the case of the normal organs examined, a fact that is in accordance with the rapid growth of carcinoma cells in contact with animal cells in the body. 5. While various authors state that after the ordinary transplantation of carcinoma of the mouse into the subcutaneous tissue the stroma perishes and only the parenchyma remains alive, after transplantation into the culture media the stroma of mouse carcinoma remains alive and shows even certain growth phenomena. This observation should suggest a renewed investigation of the fate of the stroma after transplantation of carcinoma into the subcutaneous tissue of an animal.
6. Both parenchyma and stroma of the carcinoma of the mouse grow approximately equally well in coagulated blood plasma of the rat and of the rabbit.
7.
The parenchyma cells of carcinoma penetrate very much more frequently into the coagulum than the parenchyma cells of other organs investigated so far. Mitoses are frequently seen in the carcinomatous cells and they may even be found in cells lying in the coagulum.
8. In regard to the skin we observed in our earlyexperiments published elsewhwere the epithelial cells to penetrate in relatively large masses into the coagulum and we furthermore described a t that time mitoses in these infiltrating epithelial cells.
C. We also noticed that the epithelial cells of the skin may become phagocytic and take up small particles of agar and coagulated blood serum. Similar observations we made recently in the case of growing tubular cells of the kidney and of carcinomatous cells1 and probably also in the case of ingrowing stroma cells.
D. While the parenchymatous cells penetrate onto the coagulum in a more or less definite arrangement which to some extent corresponds to the normal arrangement of the parenchyma cell, the form of cell columns or of tubules being retained respectively, the connective tissue cells on the other hand grow as single cells often sending out long drawn out stellate processes in the coagulum, the various connective tissue cells being loosely connected by such processes. This arrangement enables the stroma cells to penetrate into the coagulum with relatively greater ease than is possible in the case of parenchyma cells. E. Stroma as well as parenchyma cells (including carcinoma cells) show a definite direction in which they grow into the coagulum, both having the tendency to proceed along the fibers which form in the coagulum and to follow, if a t all, for a short distance only a course vertical to the direction of the fibers in the coagulum. The connective tissue cells seem however in consequence of their isolated and independent mode of growth and of moving occasionally to be able to penetrate into the coagulum in other directions more easily than parenchyma cells, but they also usually follow the road of least resistance.
F. We recognize therefore variations in the relative importance of stroma and parenchyma in the case of the growth of different organs. In a provisional way we may assume that the parenchyma of those organs or tissues that normally show an additive (expansive) growth (active outgrowth) like carcinoma and stratified epithelium of the skin show likewise an infiltrative growth in coagula (in gelatinous culture media generally) and that those organs that normally or during regeneration do not show additive (active expansive out) growth, but rather compensatory hypertrophy, do correspondingly not show a strong tendency to infiltrative growth, when growing in culture media (testicle, ovaries). In the latter class however the stroma may or may not show infiltrative 1 The same observation has been recently made in the case of tumor cells by R. A. Lambert and F. M. Hanes, Journal Exp. Med., Vol. XIII, 19x1, p. 495. growth. Certain other organs like kidney apparently hold an intermediate position.
Here both parenchyma and stroma may grow into the culture medium; the growth of the parenchyma is however under ordinary conditions relatively slight.
There are however in all probability other factors of importance besides the one just mentioned. Thus we observed so far in our experiments a very much more active growth of the connective tissue of the testicle than of the ovary. Perhaps the difference in texture of the organs is in this case one of the determining factors, the looser texture of the testicle being more favorable to the outgrowth of the stroma than the dense structure of the ovary.
We furthermore found differences and similarities in the manner of growth of stroma and parenchyma in the coagulum. To test this view the Cammidge test was made on urines in cases of "chronic intestinal disturbance." Twelve cases, only one of which showed a clinical suspicion of a pancreatitis, were studied. Five gave a positive Cammidge reaction. The case showing probably the most pronounced reaction failed to give the Cammidge test after 48 hours' starvation. During the twelve hours following the starvation period a liberal quantity of milk sweetened with levulose was given. This did not lead to a positive Cammidge.
From the experiments made thus far i t seems probable that in cases showing a positive Cammidge there may be some relationship between the amount of cane sugar ingested and the intensity of the Cammidge reaction.
